Although autoimmune hypothyroidism has generally been considered to be a disease that mainly develops because of genetic aberrations and for which adjustment of environment would bring about but slight risk modification, this understanding is increasingly appearing to be incorrect. We describe how iodine intake, smoking cessation and alcohol intake are all strong modifiers of risk that, combined, may influence risk by a factor of up to 30.
can be attributed to both genes and environment. The fractions of disease attributable to genes and environment overlap and would normally add up to more than 100%. A specific case of disease may be 100% preventable by a change of environment, even if the disease is 100% dependent on a genetic abnormality. An example given by Rothman et al 4 is phenylketonuria. In this disease, mental retardation is caused by a genetic disorder, but it is entirely preventable by diet.
Recent studies have identified a number of modifiable environmental risk factors having a strong influence on the occurrence of autoimmune hypothyroidism, and considerable reduction of risk is in principle possible via a program of primary prevention addressing the population as a whole.
Unfortunately, the present combination of effective measures includes: 1. that the population be kept iodine deficient, 2. that smokers be convinced not to quit tobacco, and 3. that people have a relatively high intake of alcohol. However, changes of these conditions in environment would unacceptably increase the risk of other diseases, and a balance has to be found. In this article, the association between these risk factors and the development of overt autoimmune hypothyroidism will be discussed. Additional environmental factors often mentioned in relation to risk of autoimmune thyroid disease, such as stress, minerals and vitamins in diet, various medications and chemicals, fetal life, pregnancy, and infections, are not discussed.
IODINE DEFICIENCY AND THE RISK OF DISEASE
The iodine intake of a given population has a profound effect on the balance in occurrence of the various thyroid disorders. 5 The most serious pattern of disease is observed when iodine deficiency is severe inducing insufficient thyroid hormone production, as can be seen when the median urinary iodine concentration in a population is below 20 μg/L. 6 Thyroid hormones are important regulators of brain development, and irreversible brain damage with some degree of mental retardation may affect a considerable proportion of the population. In addition, many members of society will suffer from goitre and thyroid function abnormalities. In mild iodine deficiency (median urinary iodine concentration 50-99 μg/L 6 ) the consequences observed are less severe, the most common being goitre. 5 Normally, the thyroid gland will adapt to the low amount of iodine available in mild iodine deficiency. Iodine auto-regulation will lead to an increase in activity of the sodium-iodide-symporter (NIS) as well as many other processes, such as H2O2 generation, involved in thyroid hormone production. 7 Thyroid hormone secretion is thereby maintained at sufficient levels. However, the thyroid hyperactivity often leads to goitre and to the development of multiple thyroid nodules with autonomous hormone product. This is why hyperthyroidism from multinodular toxic goitre is very common in elderly people when iodine intake is below the recommended level. Figure 1 illustrates this latter phenomenon, which represents the age-associated incidence of the three most common types of hyperthyroidism in the Danish population before the initiation of a program of mandatory salt iodization in Denmark. 8 Data were collected as part of the DanThyr study, which is the monitoring of the Danish iodization program. 9 Particularly to be noted is the steep increase in incidence of multinodular toxic goitre with age in this mildly to moderately iodine deficient population.
As described in detail in the report on iodine deficiency by WHO/UNICEF/ICCIDD, 6 it is important that a population have a sufficient iodine intake to prevent the consequences of iodine deficiency. On the other hand, iodine has complex effects on the thyroid gland, as discussed below.
IODINE INTAKE AND AUTOIMMUNE HYPOTHYROIDISM
The association between iodine intake and thyroid disease is U-shaped, 10 excessive iodine intake with a median urinary iodine concentration above 300 μg/L officially labelled as being associated with a higher frequency of thyroid autoimmunity. 6 Unfortunately, the increase in incidence of autoimmune hypothyroidism coming with a higher iodine intake starts already at the level of iodine deficiency.
5,11 Figure 2 shows the incidence of overt autoim-mune hypothyroidism in two Danish regions before the Danish iodization program. The two regions had different levels of iodine deficiency (moderate and mild) caused by a difference in the ground water iodine content. 12 In Denmark, ground water is universally used for drinking, preparation of food, etc. As can be seen, the incidence of autoimmune hypothyroidism was nearly 50% higher in the area with only mild iodine deficiency compared with moderate iodine deficiency.
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Corresponding to this difference in the incidence of autoimmune hypothyroidism before iodization of salt, a general increase was observed in the incidence of hypothyroidism 13 and in the prevalence of circulating thyroid antibodies 14 in the Danish population after implementation of a cautious mandatory iodization of household salt and salt in bread. The program led to an increase in the median urinary iodine concentration in the population from 61 μg/L to 101 μg/L.
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Reports on several other populations have also shown that some degree of hypothyroidism is relatively rare in mild iodine deficiency and more common when iodine intake is adequate or more than adequate. [16] [17] [18] [19] Thus, viewed from the narrow standpoint of preventing autoimmune hypothyroidism, the population should be kept iodine deficient. On the other hand, this is associated with a high frequency of other diseases. What is the optimal strategy? Current evidence clearly indicates that iodine deficiency should be avoided 6, 20 and that this will lower the combined burden of disease. Figure 3 illustrates the accumulated risks of different degrees of hyperand hypothyroidism in old people who had lived their lives with moderate iodine deficiency in the city of Randers, Jutland, Denmark and comparable people who had lived with recommended iodine intake in the city of Skagen, Jutland, Denmark. 21 In Skagen the ground water iodine content is high, 12 caused by marine deposits near the aquifer. 22 As illustrated, the burden of hyperthyroidism was much lower in Skagen with recommended iodine intake, and this more than compensated for the higher risk of hypothyroidism.
The rather narrow interval of optimal iodine intake with a median urinary iodine concentration of 100-200 μg/L 6 giving the lowest burden of disease makes it important to monitor and to control iodine intake from diet. 23 In a population that is iodine deficient from natural diet, food enriched with iodine (typically salt) should be evenly distributed among the population. Moreover, intake of food containing excessive iodine should be limited.
CESSATION OF TOBACCO SMOKING AND THE RISK OF AUTOIMMUNE HYPOTHYROIDISM
Tobacco smoking is among the leading causes of death in most countries. Using data published by the United States Centre for Disease Control (CDC), it was calculated that in the year 2000 18.1% of deaths in the USA were attributable to smoking tobacco. 24 Cessation of smoking reduces the risk of smoking associated cardiovascular disease and cancer substantially, and quitting tobacco has been vigorously promoted to prevent disease and death. However, as illustrated in Figure 4 , cessation of smoking is associated with a steep, though transient, increase in the risk of developing autoimmune hypothyroidism within the two first years. 25 If autoimmune hypothyroidism were the only disease to prevent in the population via cessation of smoking, it would not be advisable to encourage smokers to quit; but up to 15 years of lost life expectancy caused by smoking 26 tips the balance fundamentally. Thus, it is not rational to seek to prevent autoimmune hypothyroidism by recommending people to continue smoking. On the other hand, physicians (and smokers) should be aware that nearly any complaint reported by someone who has quit smoking within the last two years should lead to a test of the thyroid function. In Denmark, 85% of the patients who were diagnosed with overt autoimmune hypothyroidism within two years after quitting smoking would theoretically not have developed hypothyroidism during this period of time if they had continued to smoke. 25 The mechanism behind the surge of autoimmune hypothyroidism after cessation of smoking is currently unknown. Several studies have shown a lower prevalence of thyroid antibodies in smokers compared with non-smokers, [27] [28] [29] while it is also reported that people who quit smoking may become positive for thyroid antibodies. 30 Smokers have a lower prevalence of subclinical hypothyroidism than non-smokers 31 but, as illustrated in Figure 4 , we found no significant protective effect of current smoking on the incidence of overt autoimmune hypothyroidism, even though the odds ratio was slightly below one. This lack of protection from current smoking is in accordance with results of a previous meta-analysis of the association between smoking and overt hypothyroidism. 32 After two years had passed since quitting, the odds ratio returned to below one (Figure 4 ), but this was not statistically significant. Our study did not have the power to evaluate whether the long-term result of quitting smoking is a lower risk of autoimmune hypothyroidism. If all the participants who had quit smoking at some point of time were combined into one group, the risk would not be different from neversmokers, 25 and it may be speculated that those who developed overt autoimmune hypothyroidism shortly after quitting smoking would have developed the disease later if they had continued smoking.
The conclusion that can be drawn from the results illustrated in Figure 4 is that optimal behaviour is never to start smoking. People would then not be exposed to the inconvenience and risks of quitting smoking. Autoimmune hypothyroidism is not the only disease that may develop in people who quit smoking. Body weight often increases after quitting 33 and there is an increase in risk of developing diabetes. 34, 35 It is interesting to speculate on some possible mechanisms behind the rebound in autoimmunity leading to hypothyroidism in the first years after quitting smoking.
One possibility is that the increase in risk is caused by the thyroid follicular cells being exposed to extra iodide after cessation of smoking. Smokers have a high generation of thiocyanate from cyanide in tobacco smoke, and thiocyanate is a competitive inhibitor of NIS transport of iodide. 36 As judged from the inhibitory effect of smoking on iodide transport into milk of breast feeding mothers (no iodine autoregulation of NIS occurs in the mammary gland and inhibition of NIS leads to a decrease in milk iodine content), smoking primarily reduces iodide transport by NIS into the thyroid by around 50%. 37 In the thyroid, such inhibition of NIS will be autoregulated by enhancement of NIS gene transcription. 7 It may be speculated that after many years of smoking, chronically up-regulated thyroidal NIS may stay high for a period after cessation of smoking. The excess iodide transported into the thyroid may increase the risk of autoimmune hypothyroidism, similar to the increase in risk of hypothyroidism seen after excess iodine intake with diet. 5 Another possible mechanism behind the development of autoimmune hypothyroidism after cessation of smoking is oxidative damage caused by sudden exposure to oxygen in tissues. Smokers tend to have a partial oxygen deficiency in tissues, 38 and it may be speculated that the sudden increase in tissue oxygen after cessation of smoking could promote autoimmunity via reactive oxygen species mediated tissue damage. This would likely act in concert with the effect of increasing iodide content in the thyroid.
A third possibility is that nicotine or other compounds in smoke dampen thyroid autoimmune activity by unknown mechanisms, somewhat similar to the protective effect of alcohol consumption discussed below. This hypothesis may be supported by the finding of a lower prevalence of circulating thyroid antibodies in smokers [27] [28] [29] and also by a recent report in an animal model of autoimmunity indicating that a nicotine derivative may protect against thyroid autoimmunity.
39 By contrast, current smoking did not protect against overt autoimmune hypothyroidism in our study (Figure 4) , which may argue against this hypothesis.
ALCOHOL CONSUMPTION AND AUTOIMMUNE HYPOTHYROIDISM
In the report on causes of death in the USA in the year 2000, 3.5% of deaths were associated with excess intake of alcohol. 24 On the other hand, it is known from series of studies that a moderate consumption of alcohol (compared with total abstention from alcohol) is associated with reduced risk of many diseases. [40] [41] [42] [43] [44] [45] [46] Autoimmune hypothyroidism is one of the diseases that are less common in people having moderate alcohol consumption. Figure 5 illustrates the odds ratio (OR) for developing autoimmune hypothyroidism in people split into groups according to habits of alcohol intake. 47 The reference group in this analysis was people consuming 1-10 units of alcohol per week. One unit corresponds to a glass of wine or beer or spirit (~10-12 g of alcohol) and 1-10 units per week was the most common level of consumption in the Danish population under study. As shown in the figure, the OR for developing hypothyroidism was twice as high in alcohol abstainers and around half in people with the higher alcohol intake of 11-20 units/week. The small group (~6% of participants) reporting a higher than this level of alcohol consumption was not different from the reference. In a separate analysis, no difference in protective effect was observed between people who predominantly consumed beer vs. wine consumers. 47 Thus, moderate alcohol intake was associated with a dose-dependent protection against development of autoimmune hypothyroidism. The mechanism leading to this less aggressive reaction of the immune system against the thyroid gland when exposed to alcohol is unknown. In a recent Dutch follow-up study of relatives to patients with autoimmune thyroid disease, a similar protective effect of alcohol on the development of autoimmune hypothyroidism was observed. 48 Among 38 cases of overt hypothyroidism 6.7% consumed >10 units of alcohol/week, whereas this was 23.7% of the 76 matched controls that had not developed hypothyroidism.
We previously observed a dose-dependent protective effect of alcohol intake on development of goitre and solitary thyroid nodules, 49 and alcohol abusers tend to have a small fibrotic thyroid. 50 It is possible that there is some overlap between the mechanisms leading to a lower rate of growth and nodule formation and those giving a lower tendency to autoimmune destruction of the thyroid gland. On the other hand, a protective effect of alcohol intake has also been described for some other autoimmune diseases, [51] [52] [53] which may suggest a more direct effect of alcohol on the immune system. There is a complex interaction between alcohol and various components of the immune system, and alcohol has been shown to dampen some immune responses both in animals and in humans. [54] [55] [56] 
AN EXAMPLE OF HIGH VS. LOW RISK OF AUTOIMMUNE HYPOTHYROIDISM AND THE POSSIBILITY OF PREVENTION
The incidence of autoimmune hypothyroidism increases by around 50% per advancing decade of life, 11 it is 3.5 times higher in women than in men, 11 and it seems to be three times as high in white Caucasians as in people of black African ancestry. 57 Age, sex, and race are non-modifiable risk factors, but iodine intake, smoking, and alcohol intake are modifiable.
As illustrated in the present report, people with sufficient iodine intake according to the WHO/UNICEF/ ICCIDD recommendations 6 have a 1.5-2 times higher risk of developing autoimmune hypothyroidism compared with people having mild to moderate iodine deficiency, and people abstaining from alcohol have a four times higher risk than people who consume 11-20 units of alcohol per week. Moreover, people who stop smoking have for a two-year period a six times higher risk than those who continue smoking.
Our analyses give no indication that the differences in risk associated with these three factors are interdependent. The following comparison illustrates how strongly modifiable the risk of autoimmune hy- pothyroidism is by a change of environment:
The risk of developing autoimmune hypothyroidism during the year to come in a person who quit smoking, who does not consume alcohol, and who has an average recommended iodine intake of 150-200 μg/day is in the order of 30 times higher than it would have been if the same person had continued smoking, had regularly consumed two units of alcohol per day, and had been iodine deficient with a daily intake of 50-100 μg iodine.
As discussed, although prevention of autoimmune hypothyroidism via such a change in environment is incompatible with current public health programs, the example illustrates the profound effect of modifiable environment on the risk of developing autoimmune hypothyroidism. In this disorder, considered by many to be mostly dependent on non-modifiable genetic aberration, simple changes of environment are capable of modifying the risk of disease development by a factor of 30.
CONCLUSION
The risk of autoimmune hypothyroidism is, according to strong evidence, profoundly modifiable by a change of environment. However, modification of environment to reduce the risk of hypothyroidism may unacceptably increase the risk of other diseases. Thus, prevention of autoimmune hypothyroidism is somewhat similar to the problem facing prehistoric Greek sailors endeavouring to pass between Scylla and Charybdis: manoeuvring the ship to avoid one monster would bring them within reach of the other monster. Nonetheless, some reasonable suggestions can be put forward.
Based on the reduction in risk of developing autoimmune hypothyroidism and some other diseases, people who prefer to have daily moderate alcohol consumption can be reassured.
The fight against smoking should focus even more on convincing people never to start regular smoking in the first place. Smokers who quit should have their thyroid function tested if they present any symptoms or signs compatible with thyroid dysfunction.
Iodine intake of an iodine deficient population should be brought to the level where iodine deficiency disorders are prevented, but not higher. Iodine intake of populations should be monitored as part of public health programs.
